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SURFACE PHENOMENA 
Surface Current Density r? 
An Introduction 
I. W. McAllister 
Physics Laboratory 11, 
The Technical University of Denmark, Lyngby, 
Denmark 
As far as electrical insulation_ studies are concerned, 
ed concept. On the occasions when K is introduced in 
textbooks, i t  is usually with reference to  magnetic fields. 
If however one considers the insulation problems which 
arise on HV systems, owing to  the Pollution and con- 
tamination of componenks, it is clear tha t  the concept of 
surface current density K should play a n  important role 
in such electrical insulation studies. 
one requires a km. ( ~ i ~ ~ ~ ~ i ~ ~ ~  of this latter order of 
magnitude only arise with reference t o  cable insulation). 
A similar behavior to the above is exhibited by many 
insulating materials. 
the surface current density is a !.Omewhat 
The  basis of field solutions for time-dependent conduc- 
tion current problems is the continuity equation 
(4) 
dP A A  V . J + -  = o  at 
I? is related to  the tangential electric field strength 
a t  the surface of a body by 
where r represents the surface conductivity. From (1) it 
is clear that  the basic SI units of I? and r are A/m and 
S, respectively. 
The  significance of I? may be readily conveyed through 
a simple example. Consider a right circular-cylindrical 
spacer of radius a in a uniform field gap. T h e  spacer is 
assumed to  have a homogeneous bulk conductivity y in 
addition to  a homogeneous surface conductivity r. As 
the cylindrical surface will be tangential with the originaf 
field lines, such a spacer does not perturb the uniform E 
field. Consequently it is readily shown that  the ratio of 
the bulk current IB t o  the surface current I s  is given by 
IB - .IraZyE - a y  
IS 2 r a r E  2r 
From typical values given in the literature for epoxy, one 
obtains 
( 2 )  - - 
IB a 
I s  1000 
- M- ( 3 )  
which for a < 1 m indicates that  I s  is the dominant 
current component. Alternatively, for current equality 
where d is the volume current density, p the volume 
charge density and t the  time. To take account of surface 
currents, (4) must be expressed in relation to  the rele- 
vant surface of discontinuity and  the associated surface 
conductivity. This leads t o  a n  equivalent surface conti- 
nuity equation, viz. 
where c is the surface charge density. 
The  term 6 .  Adrepresents  the interface divergence of 
f a n d  is defined as 
where the signs + and - refer to each side of the interface, 
respectively, and 6 is a unit vector normal to  the interface 
and directed away from the positive side. 
The term q s  . I?, or Divr?, represents the surface di- 
vergence of K ,  which is defined as [l] 
r 1 
where rFi is a n  outward-directed unit vector normal to  the 
closed curve c and tangential to  the surface in question. 
0018-9367/91/0600-416$1.00 @ 1991 IEEE 
Authorized licensed use limited to: Danmarks Tekniske Informationscenter. Downloaded on November 6, 2009 at 09:34 from IEEE Xplore.  Restrictions apply. 
IEEE Transactions on Electrical Insulation Vol. 26 No .  3, June  1991 417 
The curve c bounds the elemental surface area AA, and 
s is a distance coordinate along c .  
In essence, the surface continuity equation represents 
the boundary condition which the potential distributions 
in the adjoining media must fulfill. As discussed above, 
the volume current may be small in comparison to  the sur- 
face current, and consequently in deriving the potential 
solutions the first term in (5) can sometimes be neglected. 
As discussed in [2], inhomogeneities in y lead t o  an ac- 
cumulation of volume charge in the bulk material. Sim- 
ilarly, inhomogeneities in I’ lead t o  an accumulation of 
surface charge. The derivation of the variation in Q is 
however a more involved analysis than that  for the p vari- 
ation, see Discussion in [2]. The  surface conductivity of 
an insulator is usually strongly influenced by the local 
environment of the insulator, see [3,4], and hence an in- 
homogeneous r variation is liable to  be the norm, rather 
than the exception. As a consequence of (5),  it should be 
noted that ,  surface charge-accumulation can also occur 
with a constant r if 6 .  AJ # 0. 
Finally for situations in which acr/at = 0, (5) reduces 
to  give the steady-state boundary condition to be em- 
ployed in the solution of either Laplace’s equation or Pois- 
son’s equation for the conduction field. 
In conclusion, this briefjntroduction to  the concept 
of surface current density K is intended to  stimulate an 
awareness of the concept, and as  a consequence lead to its 
greater utilization in insulation studies, for which surface 
conductivity undoubtedly plays a major role. 
REFERENCES 
[l] E. Martensen, Potentialtheorie, B. G. Teubner 
Stuttgart, pp. 72-75, 1968. 
[2] I. W. McAllister and G. C. Crichton, “Analysis of the 
Temporal Electric Fields in Lossy Dielectric Media”, 
IEEE Trans. Elect. Insul., Vol. 26, this issue, 1991. 
[3] B. M. Weedy, “DC Conductivity of Voltalit Epoxy 
Spacers in SFG”, IEE Proc. A, Vol. 132, pp. 450-454, 
1985. 
[4] J .  M. Braun, F. Y. Chu and R. Seethapathy, “A Sur- 
face Resistivity Probe for Assessing Solid Insulators 
in GIS”, Conference Record of the 1990 International 
Symposium on Electrical Insulation, IEEE Publica- 
tion 90CH2727-6, pp. 439-442, 1990. 
Manuscript was received on 1 7  June 1991 
Authorized licensed use limited to: Danmarks Tekniske Informationscenter. Downloaded on November 6, 2009 at 09:34 from IEEE Xplore.  Restrictions apply. 
